Introduction
All people are confronted with intense experiences during the course of their lifetime. Even children are not spared from them. Adolescent children, especially, are vulnerable to stressful events [1] . One stressful incident with which families with adolescent children are increasingly confronted is the diagnosis of cancer in one of the parents. Studies have shown that adolescent children in such situations, the daughters particularly, experience more emotional problems than their age peers do [2, 3] . Although the functioning of children of cancer patients has received increasing attention, research into risk and resilience factors is still in its infancy. Recent studies found evidence for the impact of parental characteristics [4] , parent-child communication [5] and family functioning [6] on child functioning. Increased attention is given to the different effect of parental cancer for boys and girls and children of different ages, but research into other child characteristics is lacking. Temperament is one of the factors that may have an important influence on how children cope with stressful events, and therefore why some children are more vulnerable to the development of problems than others [7] . The primary hypothesis of most models of temperament is that specific dimensions are related to prevalence of specific problems. Research into the role of temperament can provide insight into which children are at greater risk in such situations and which children are better equipped to handle the situation.
The developmental model of temperament as proposed by Rothbart and Derryberry is one of the few models that offers a measurement tool that is specifically designed for use with adolescents, and it was therefore used in the present study. Rothbart proposes that temperament is relatively stable, but that the expression of temperament can change as a result of maturation and (social) environmental influences, including life events [8, 9] . The model distinguishes between two concepts: reactivity and self-regulation. Reactivity is comprised of the physical and emotional differences that exist among individuals in reaction to stress. Children who have a high degree of reactivity are more easily upset and need more time to recover than other children do. The term "self-regulating system" refers to such processes as attention, activation and inhibition. These processes have an important influence on the regulation of emotions and behaviour. These children may be able to direct attention away from the stressor, such as parental cancer.
To our knowledge, no studies have reported on the effect of different temperament dimensions on the functioning of children of parents who have been diagnosed with cancer. The aim of the current study was to investigate the effects of temperament on prevalence of problems in these children, beyond the possible effects of socio-demographics (age, gender, educational level), illness-related variables (recurrent disease and time since diagnosis) and the number of negative life events that children experienced during the year before assessment.
Materials and methods

Procedure
Between January 2001 and February 2003, written information on this study was offered to all cancer patients who were consecutively hospitalised or who visited the outpatient's clinic at the University Medical Centre Groningen by their physicians or oncology nurses. In addition, information was sent to patients and their family members who had contacted the researchers in response to media attention because they wished to participate in the study. Families were eligible if patients had been diagnosed between 1 to 5 years before study entry and if they had children between 4 to 18 years of age. Participants had to be fluent in Dutch. Patients discussed study participation with their partners (if present) and children. Informed consent was obtained according to the regulations of the Medical Ethical Committee of the University Medical Centre Groningen. After informed consent was received, questionnaires and prepaid return envelopes were provided.
Participants were guaranteed that answers were treated absolutely confident and will be described completely anonymous.
Participants
The current study is part of a larger study in which 476 families with children aged 4 to 18 years were approached, and information was mailed to 110 families who had contacted us for information about participation. Of these, 205 families from the first group and 89 families from the second group consented to participate (response: 43 and 81%, respectively). Ill parents who did not participate did not significantly differ from those who participated with respect to gender, tumour type and time since diagnosis.
The current study focused on the responses of children of 11 years of age and older, as they completed the questionnaires themselves. The sample for the present study consisted of 340 adolescent children (149 sons and 191 daughters), between the ages of 11 and 18 years (mean age=14.9 years, SD=2.3) and their 212 ill parents (80% mothers, mean age=45.4 years, SD=4.7). Twenty-one percent of the children were receiving education in primary school, 9% at the lower vocational level, 17% in lower general secondary education, 12% in intermediate vocational education, 38% in high school and 3% in higher vocational education or university. Nine percent of the children were from single-parent families. Parents (43 fathers; 169 mothers, mean age=45.4 years, SD=4.7) had been diagnosed with various types of cancer: breast (55%), haematological (9%), skin (9%), gynaecological (9%), urological (5%), bone tumours (4%), gastrointestinal (5%) or other cancers, such as cancer of the central nervous system or head and neck cancer (6%). The mean time since diagnosis was 2.6 years (SD=1.2). Twenty-nine percent of the parents had suffered relapses.
Children and parents approached in the hospital did not significantly differ in age or gender from children and parents who had volunteered for participation. Educational level of parents of the last-named group was significantly higher (t=5.8, p≤0.001) than that of the first-named group, but this was not found for children's educational level. Furthermore, children and parents in both groups reported similar levels of internalising and externalising problems, and children did not differ significantly in temperament.
Measures
Temperament Temperament was measured using the adolescent version of the Revised Early Adolescent Temperament Questionnaire (EATQ-R) of Rothbart and Derryberry [10] [11] [12] . The EATQ-R consists of 53 items and includes ten subscales that are designed to measure temperamental attention control, activation control, inhibitory control, high intensity pleasure, shyness, fear, frustration, affiliation, perceptual sensitivity and pleasure sensitivity. Answers were rated on a 5-point Likert-type scale (1 = "almost always untrue" to 5 = "almost always true"). Higher values represent a higher availability of the temperamental dimension concerned. The psychometric quality of the EATQ-R was reported to be sufficient among American adolescents with Cronbach's alpha's ranging from α=0.55 to α=0.78 [13] . In the present study, alpha scores ranged from α=0.36 to α=0.74, and mean inter-item correlations from r=0.11 to r=0.37. Five of the ten dimensions had mean inter-item correlations of <0.20. Therefore, factor analyses were carried out to study the extent to which the temperamental dimensions identified by Rothbart and colleagues emerged from the data of the present Dutch study (see preliminary analyses).
Internalising and externalising problems The Youth SelfReport (YSR) and Child Behaviour Checklist (CBCL) were used to assess, respectively, adolescent children's self-reported and parent's reported behavioural and emotional problems in children [14] [15] [16] . The YSR/CBCL consists of 102/120 problem items with three response options (0 = not true, 1 = somewhat or sometimes true and 2 = very true or often true). Higher scores indicated more problems. The Internalising (TIS) and Externalising Behaviour Problem Scales (TES) were used in the present study. The internalising scale (32 items) consists of the syndrome subscales withdrawal, somatic complaints and anxiety/depression. The externalising scale (30 items) consists of the syndrome subscales delinquent behaviour and aggressive behaviour. The YSR is one of the most commonly used questionnaires in adolescent research. Cronbach's alpha scores in the present study were high (α>0.80). The manual provides norm data based on a randomly selected Dutch sample of 560 adolescent boys and 564 adolescent girls.
Life events The Questionnaire of Recently Experienced
Events was used to ask children and parents about the number of life events experienced during the past year. This questionnaire is based on the Recent Life Change Questionnaire (RLCQ) developed by Rahe [17] . Questions measuring negative events (14 items; e.g., divorce, illness by other family members than the parent with cancer) were used.
Analyses
Factor analyses of the EATQ-R were executed using Simultaneous Confirmatory Analysis (SCA) and Exploratory Principal Component Analysis (PCA) to investigate factor validity.
Chi-square and t tests were performed to compare children and parents who had been recruited in the hospital and those who had volunteered for participation on demographic characteristics and the problems reported.
One-sample t tests were performed to compare prevalence of internalising and externalising problems reported by children and parents diagnosed with cancer with those of the norm group.
Univariate statistics (t tests and pearson correlation analyses) were performed to investigate effects of study variables (age, gender, educational level, time since diagnosis, recurrence, number of negative life events, and temperament) and problems in children.
Hierarchical regression analyses were conducted to examine the contribution of temperament dimensions to prediction of internalising and externalising problems in children. Socio-demographics and illness-related variables (first step), and number of life events (second step) significantly related to temperament were entered into regression analyses to ensure that any effect found for temperament (third step) on children's problems would not be attributed to these variables. To examine whether multicollinearity exists between the independent variables, Pearson correlation analyses and Variance Inflation Factors (VIF) were performed. If the mean VIF is considerably larger than one and the largest VIF is greater than 10, multicollinearity exists [18] .
There is evidence that sons and daughters may respond differently to the cancer in the parent [19] and that they differ in temperament [13, 20] . Two-way-interaction terms (using standardised scores) were computed to examine whether the pattern of the relationship between temperament and prevalence of problems differ between sons and daughters. Only when the 2-way interaction accounted for a unique significant effect was it included in the model.
Owing to the large number of comparisons in relation to the sample size significance was set at p≤0.01.
Results
Preliminary analyses
Simultaneous Confirmatory Analysis (SCA) was conducted to examine differences in the percentage of variance explained by the original structure and by the exploratory structure over the same number of factors. The difference in the variance explained by the original structure (41.0%) and by the exploratory structure (46.1%) was considered too large (>2% rule of thumb, [21] ) to continue with the original structure. An exploratory Principal Component Analysis (PCA) was conducted using orthogonal rotation followed by varimax procedure. The number of constituting factors was determined based on the scree test. Items that loaded consistently low (<0.30) or on varying components were excluded. In addition, all itemsparticularly those with loadings between 0.30 and 0.40-were critically examined for the degree to which they formed a good reflection of the dimensions on which they loaded (face validity). Dimensions were assessed as consistent by an alpha above 0.60 and an inter-item correlation above 0.20. On the basis of these criteria, 17 items were excluded, including the entire inhibition-control (five items) and the affiliativeness scale (five items). Thirty-six items remained, distinguishing seven temperamental dimensions. The first dimension was called effortful control and consists of all five items from activation control and four of the six items from attention control. One of the attention control items was excluded and the other was added to the original four perceptual sensitivity items ("I am good at keeping track of several things that are happening around me") that represent the second dimension. The third dimension is pleasure sensitivity; just one item did not meet the criteria and was excluded. The fear/ worry dimension forms the fourth dimensions. Three of the six items loaded on this scale. One of the other items was excluded, one was added to pleasure intensity ("I get frightened when I ride with a person who likes to speed"), and one was added to the original four items of the shyness scale ("Some of the kids at school make me nervous..."). Shyness was the fifth dimension. The sixth dimensions form the pleasure intensity. Three of the six items loaded low or were not consistent, and were therefore excluded. The seventh dimension forms frustration. One of the seven items did not meet the criteria and was excluded. The seven temperamental dimensions can be defined as follows. Effortful control measures the capacity to start and persist in an action and to focus attention. Pleasure sensitivity is the pleasure related to stimuli involving low intensity, complexity, novelty and incongruity. Perceptual sensitivity pointed to detection or perceptual awareness of slight, lowintensity stimulation in the environment. Pleasure intensity represents the pleasure derived from activities involving high intensity. Shyness is the behavioural inhibition to novelty and challenge, especially social. Frustration measures the negative effect related to interruption of ongoing tasks or goal blocking. Fear/worry represents the worry for occurrence of unpleasant situations. The seven factors that were formed of remaining items explained 47.2% of the variation. Alpha coefficients from the other dimensions ranged from α=0.61 to α=0.79, and inter-item correlations ranged from r=0.21 to r=0.48 (Table 1) .
Cross validity The same research group conducted a prospective study among children of parents recently diagnosed (1-16 weeks ago) with cancer using a similar procedure in approaching families as was used in the current study. The adapted structure was tested among 144 adolescent children (54% daughters; mean age=14.2 years, SD=2.3 years) that participated in the prospective study (comparison group). Results of PCA among children in the prospective study were similar to those found in the current study. The internal consistency and mean interitem correlations of the two groups were comparable ( Table 1) . Results of the Principal Components Factor Analysis are available on request. Internalising and externalising problems in children T tests revealed no significant differences in prevalence of internalising and externalising problems between sons and norm group boys as reported by themselves and their ill parents. Daughters and their ill parents reported significantly more internalising problems than found in norm group girls (Table 2 ).
Children's problems and socio-demographics, illnessrelated variables and life events Socio-demographics Daughters experienced significantly more internalising problems than sons as was reported by ill parents and self-reports (t=2.9, p=.004; t=4.8, p≤0.001). Neither children's age and educational level, nor parent's age, gender or educational level were significantly related to the prevalence of problems reported in children. Relationships between temperament and problems in children
Illness-related variables
All temperament dimensions were significantly related to children's self-reported internalising problems. Shyness, pleasure intensity and fear/worry were significantly related to internalising problems as reported by ill parents. Effortful control, frustration and fear/worry were significantly associated with the prevalence of externalising problems in children as reported by children and parents (Table 3) .
Predictors of internalising and externalising problems
Internalising problems Child's gender and recurrent disease explained a significant percentage of the variance in the prevalence of internalising problems in child's (R Ch=0.04). Shyness, frustration, perceptual sensitivity and fear/worry appeared to have a significant positive independent effect in children's reports. None of the variables appeared to have a significant independent effect in parent's reports. Interaction terms between temperament dimensions and child's gender failed to contribute significantly to the prediction of internalising problems in children and Ch=0.07). Effortful control had a significant unique negative effect for both children and parent, and frustration also for children's reported externalising problems. The interaction terms did not contribute significantly to the problems reported. The variables entered into children's and parents' models explained 29 and 7%, respectively, of the variance (Table 5 ). VIFs in both models were acceptable, ranging between 1.1-1.2.
Discussion and conclusion
The present study is the first to examine the contribution of temperament to prevalence of problems among adolescent children of parents diagnosed with cancer. The findings suggest that temperament predicted internalising and externalising problems, beyond the effects of sociodemographics (child' gender), illness-related variables (recurrent disease) and number of negative life-events. The most powerful temperament dimensions for internalising problems were shyness and fear/worry (reactive factor). To a lesser extent, frustration and perceptual sensitivity (children's reports only) heighten the risk for internalising problems. It was argued that shy and anxious children generally have a tendency to withdraw and are hesitant to seek support from their surroundings [22] , whereas seeking support might be important, especially in situations in which a parent had cancer. High levels of frustration are The dashes indicate that variables were not entered into the model because no significant univariate relationship was found. *p<0.01 **p<0.001 [23] . Withdrawn behaviour, anxiety and depression might be consequences of these tendencies. Internalising problems reported by the child also increase when they were highly sensitive to things and people around them (perceptual sensitivity). Although, Rothbart and Bates (1998) hypothesised that children with this kind of sensitivity are more vulnerable for internalising and externalising problems, research on these dimensions is lacking [9] . The relationships between shyness, anxiety and frustration and internalising problems found in children reports have also been found in studies among the general population [9, [24] [25] [26] . Those who have a temperament characterised by a low level of effortful control (regulative factor) and a high level of frustration are more at risk to develop externalising problems. The relationship between effortful control and externalising problems has been found in other studies as well [9, 11, [26] [27] [28] [29] . Children who have more control show more initiative in undertaking activities, have more ability to shift their attention and to focus and are less easily distracted by circumstances [27] . The control that children have over their behaviour in this regard decreases the chance of externalising problems. As mentioned above, frustration decreases emotional regulation and can lead to externalising problems, in addition to manifesting itself in internalising problems [25] . No effect was found for pleasure intensity, which was in contrast to the results of a recent study among children in the general population. That study found that children who scored high on pleasure intensity experienced more externalising problems [26] .
Whether the relationship between temperament and problems is specific for situations in which children are exposed to a parent with cancer, is not clear. It is argued that reactive and regulative temperament factors really are important when the child experienced stressful events [30] . A stressful event, such as illness in the parent brings forth negative emotions, specifically in children high in emotionality. Children with low levels of effortful control may have difficulties to deal with these emotions, and may develop as a consequence emotional or behavioural problems [30] .
Although the sons and daughters differed in the problems experienced and in their temperament, the relationship between temperament and problems were similar for both genders, as was found in a previous study [26] .
Similar patterns were found for parent's and self reported problems and temperament in the current study, according to a previous study [26] . Our results showed, however, a stronger relationship between temperament and the problems reported by children than parents' reports of problems, whilst Oldehinkel and colleagues found the opposite. This inconsistency may be attributed to the informant; Oldehinkel and colleagues used parents' reports to examine temperament, whereas the current study used self-reports from children. A number of studies found that parents and children perceived the level of problems of children under these circumstances different [19, 31] . The differences in perception may have caused also the differences between parents and children found in the present study.
Another interesting result from this study is that, four of the seven temperament dimensions were related to the number of negative life events experienced. This is consistent with Rothbert's theory, which suggests that, despite its biological base, temperament is influenced by experiences. The influence of stressful environmental factors on the development of temperament is an interesting phenomenon. Because the current study uses a crosssectional design, no causal statements can be derived from the results.
The current study is one of few to use self-reports of temperament from a large number of children to examine the relationship between temperament and internalising and externalising problems. It is generally assumed that self-description is an important source of information in the field of personality research. Nonetheless, it was faced with The dash indicates that the variable was not entered into the model because no significant univariate relationship was found. *p<0.01 **p<0.001 some difficulties. First, Rothbart and colleagues paid a lot of attention to the development of the theory around temperament. The empirical implementation of the EATQ-R, however, was limited. The original structure of the EATQ-R seemed not applicable for the Dutch children in the current study. A recent study among Dutch adolescents reported also some problems with the self-reported version of the EATQ-R [26] and used, therefore, the parent version. Furthermore, the comparison of results from the current study with those of studies that used other theories of temperament was difficult, due to differences in conceptualizing and in labelling with regard to corresponding dimensions. More research using reliable, validated instruments to investigate the temperament of children is necessary. Second, some of the items used to measure temperament resemble items on the problem scale and can cause item-overlap. Previous studies show that the association between constructs remains essentially the same when correcting for possible overlapping items [26, 32, 33] indicating that they are separate concepts. To examine whether patterns were similar among different informants, parent's reports were used also. Fourth, the current study is cross-sectional. Longitudinal designs may provide more insight into the causality of relationships. Fifth, most of the relations between temperament and problems found in the current study were similar to those found in other studies. The use of a control group may have provided more detailed information about whether the relationships between temperament and problems differed for children of parents with cancer and those of children in the general population. Finally, the current study did not pay attention to the interaction between children's temperament and other potential predictors, such as parenting, the parentchild relationship and coping. Thomas and Chess introduced the "goodness-of-fit" concept, which means that problems in children arise only when temperament and the expectations of the surroundings are not well adjusted to each other [34] . The fact that temperament of children can have an impact on the prevention of problems by children is important information. Health care providers can use this knowledge to assist parents to take the individual characteristics of the child into account and by means of this to understand their children's behaviour better. Additionally, parents might be supported to improve the 'fit' between the temperament of the child and the consequences of having a parent with cancer.
